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@  Process  for  converting  olefins  into  higher  hydrocarbons. 

  In  the  conversion  of  olefins  into  higher  hydrocarbons,  a 
feedstock  comprising  ethylene  and  C3+  olefins  is  prefrac- 
tionated  to  obtain  gaseous  ethylene  and  a  liquid  stream 
containing  C3+  olefins;  the  C3+  olefins  are  then  oligomer- 
ized  to  obtain  distillate  and  gasoline  fractions  and  part  of 
the  gasoline  fraction  is  recycled  and  used  as  the  prefrac- 
tionation  sorbent. 



This  i nven t ion   r e l a t e s   to  a  process   for  conver t ing   o l e f i n s  

in to   higher   hydrocarbons ,   for  example  gaso l ine   b o i l i n g - r a n g e   and 

d i s t i l l a t e   b o i l i n g - r a n g e   f u e l s .  

Improved  c a t a l y t i c   hydrocarbon  convers ion   p rocesses   have 

c rea ted   i n t e r e s t   in  u t i l i z i n g   o l e f i n i c   f e eds tocks ,   such  as  p e t r o l e u m  

r e f i n e r y   streams  r ich  in  lower  o l e f i n s ,   for  producing  C5+ 

gaso l ine   and  d i e se l   fue l ,   for  example.  In  a d d i t i o n   to  the  b a s i c  

work  derived  from  ZSM-5  type  z e o l i t e   c a t a l y s t   r e s e a r c h ,   a  number  o f  

d i s c o v e r i e s   have  c o n t r i b u t e d   to  the  development  of  new  i n d u s t r i a l  

p roces se s ,   such  as  tha t   known  as  the  Mobil  0 1 e f i n s - t o - G a s o l i n e /  

D i s t i l l a t e   (MOGD)  process .   This  process  has  s i g n i f i c a n c e   as  a  s a f e ,  

env i ronmenta l ly   a ccep tab l e   t echn ique   for  u t i l i z i n g   r e f i n e r y   s t r e a m s  

tha t   conta in   lower  o l e f i n s ,   e s p e c i a l l y   C2-C5 a lkenes ,   and  may 

supplan t   conven t iona l   a l k y l a t i o n   u n i t s .   U.S.  Pa tents   3 ,960,978  and 

4 ,021,502  descr ibe   the  convers ion   of  C2-C5  o l e f i n s ,   alone  or  i n  

admixture  with  p a r a f f i n i c   components,  into  higher   hydrocarbons  o v e r  

c r y s t a l l i n e   z e o l i t e s   having  c o n t r o l l e d   a c i d i t y .   Improved  p r o c e s s i n g  

t echn iques   r e l e v a n t   to  the  MOGD  system  are  desc r ibed   in  U.S.  P a t e n t s  

4 ,150,062,   4,211,640  and  4 , 2 2 7 , 9 9 2 .  
The  convers ion   of  lower  o l e f i n s ,   e s p e c i a l l y   propene  and 

bu tenes ,   over  H-ZSM-5  is  e f f e c t i v e   at  moderately  e l e v a t e d  

t empera tu re s   and  p r e s s u r e s .   The  convers ion   products   are  sought  a s  

l i q u i d   fue l s ,   e s p e c i a l l y   the  C5+  a l i p h a t i c   and  a r o m a t i c  

hydrocarbons .   Ole f in ic   gaso l ine   is  produced  in  good  y ie ld   by  t h e  

MOGD  process  and  may  be  recovered  as  a  usefu l   product  or  recyc led   t o  

the  r eac to r   system  for  f u r t h e r   convers ion   into  d i s t i l l a t e  

b o i l i n g - r a n g e   p r o d u c t s .  

As  a  consequence  of  the  r e l a t i v e l y   low  r e a c t i v i t y   o f  

e thy lene   with  known  z e o l i t e   o l i g o m e r i z a t i o n   c a t a l y s t s   (about  10-20% 



convers ion   for  HZSM-5),  d i s t i l l a t e - m o d e   r e a c t o r   systems  d e s i g n e d  

completely   to  conver t   a  large  e t h y l e n i c   component  of  feeds tock   would 

requ i re   a  much  l a rge r   s ize  than  comparable  r e a c t o r   systems  f o r  

conver t ing   other   lower  o l e f i n s .   Recycle  of  a  major  amount  o f  

e thy lene   from  the  r e a c t o r   e f f l u e n t   would  r e s u l t   in  s i g n i f i c a n t  

i n c r e a s e s   in  equipment  s ize .   By  c o n t r a s t ,   propene  and  butene  a r e  

conver ted   e f f i c i e n t l y ,   75  to  95%  or  more  in  a  s ing le   pass,  u n d e r  

c a t a l y t i c   c o n d i t i o n s   of  high  p ressure   and  moderate  t empera ture   u s e d  

in  d i s t i l l a t e   mode  o p e r a t i o n s .  

The  p resen t   i nven t ion   is  based  on  the  obse rva t i on   tha t   an 

o l e f i n s - t o - d i s t i l l a t e   process  using  a  C2-C4  o l e f i n i c   f e e d s t o c k  

can  be  combined  with  a  feeds tock   p r e f r a c t i o n a t i n g   s tep ;   in  t h i s  

manner,  the  C3+  o l e f i n i c   components  can  be  c a t a l y t i c a l l y  

conver ted  in to   a  d i s t i l l a t e   b o i l i n g - r a n g e   product   and  e thylene   can  
be  recovered  economical ly   for  use  in  polymer  manufacture  or  in  o t h e r  

i n d u s t r i a l   p r o c e s s e s .  

According  to  the  i n v e n t i o n ,   there  is  provided  a  process  f o r  

conve r t i ng   an  o l e f i n i c   feeds tock   compris ing  e thylene   and  C3+ 
o l e f i n s   in to   a  heavier   l i qu id   hydrocarbon  product ,   compris ing  t h e  

s teps   o f :  

(a)  p r e f r a c t i o n a t i n g   the  o l e f i n i c   feeds tock   to  obta in   a  

gaseous  stream  rich  in  e thylene   and  a  l i qu id   stream  c o n t a i n i n g  

C3+  o l e f i n s ;  

( b )   vapor i z ing   the  l i q u i d   stream  from  step  (a)  and 

c o n t a c t i n g   the  vapor  with  an  o l i g o m e r i z a t i o n   c a t a l y s t   in  at  l e a s t  

one  exothermic  r e a c t i o n   zone  to  provide  a  heavier   h y d r o c a r b o n  

e f f l u e n t   stream  compris ing  d i s t i l l a t e ,   gaso l ine   and  l i g h t e r  

h y d r o c a r b o n s ;  

(c)  cool ing  and  f r a c t i o n a t i n g   the  e f f l u e n t   stream  from 

step  (b)  s e p a r a t e l y   to  recover  d i s t i l l a t e ,   gaso l ine   and  l i g h t e r  

hydrocarbons;   and,  

(d)  r e c y c l i n g   at  l e a s t   a  por t ion   of  the  gaso l ine   r e c o v e r e d  

in  step  (c)  as  a  l iqu id   sorbent   stream  to  p r e f r a c t i o n a t i n g   step  ( a ) .  



According  to  a  p r e f e r r ed   aspect   of  the  i n v e n t i o n ,   t h e  

process   inc ludes   an  a d d i t i o n a l   step  of  (e)  pass ing  the  hot  e f f l u e n t  

from  the  exothermic  r e a c t i o n   zone  in  step  (b)  in  i n d i r e c t   h e a t  

exchange  in  a  r e b o i l e r   loop  with  at  l e a s t   a  po r t ion   of  the  l i q u i d  

stream  con ta in ing   C3+  o l e f i n s   in  p r e f r a c t i o n a t i n g   step  ( a ) .  

The  p r e f r a c t i o n a t i o n   step  (a)  of  the  p rocess ,   which  i s  

desc r ibed   in  g r ea t e r   d e t a i l   below,  s e p a r a t e l y   forms  the  sub jec t   o f  

copending  a p p l i c a t i o n   ( a p p l i c a n t ' s   r e f e r e n c e   F -2299-L) .  

The  o l e f i n i c   feeds tock   for  the  process  of  the  i n v e n t i o n   may 
be  obta ined  from  var ious   sources ,   i nc lud ing   f o s s i l   fuel  p r o c e s s i n g  

s t reams,   such  as  gas  s e p a r a t i o n   u n i t s ,   c racking  of  C2+ 

hydrocarbons ,   coal  byproduc ts ,   a lcohol   conve r s ion ,   and  v a r i o u s  

s y n t h e t i c   fuel  p rocess ing   s t reams .   O le f in i c   e f f l u e n t   from  f l u i d i z e d  

c a t a l y t i c   cracking  of  gas  o i l ,   for  example,  is  a  va luab le   source  o f  

o l e f i n s ,   mainly  C3-C4  o l e f i n s ,   s u i t a b l e   for  e x o t h e r m i c  

convers ion   by  the  MOGD  p r o c e s s .  

Typ ica l ly ,   the  o l e f i n i c   feeds tock   c o n s i s t s   e s s e n t i a l l y   o f  

C2-C6  a l i p h a t i c   hydrocarbons  c o n t a i n i n g   a  major  f r a c t i o n   o f  

monoalkenes  in  the  e s s e n t i a l   absence  of  dienes  and  other   d e l e t e r i o u s  

m a t e r i a l s .   The  process   may  employ  var ious   v o l a t i l e   lower  o l e f i n s   as  

f eeds tock ,   with  o l i g o m e r i z a t i o n   of  C3+  a l p h a - o l e f i n s   b e i n g  

p r e f e r r e d   for  e i t h e r   gaso l ine   or  d i s t i l l a t e   p roduc t ion .   P r e f e r a b l y  

the  o l e f i n i c   feeds tock   con ta in s   from  50  to   75  mole %  C3-C5 
a l k e n e s .  

The  r e a c t i o n s   involved  in  the  o l e f i n s - t o - d i s t i l l a t e   p r o c e s s  

are  p r e f e r ab ly   c a r r i e d   out  in  the  presence  of  medium  p o r e  
s i l i c a c e o u s   metal  oxide  c r y s t a l l i n e   c a t a l y s t s ,   such  as  acid  ZSM-5 

type  z e o l i t e s   c a t a l y s t s .   These  m a t e r i a l s   are  commonly  r e f e r r e d   t o  

as  a l u m i n o s i l i c a t e s   or  p o r o t e c t o s i l i c a t e s ;   however,  the  a c i d  

func t ion   may  be  provided  by  other  t e t r a h e d r a l l y   coo rd ina t ed   m e t a l  

oxide  moie t i e s ,   e s p e c i a l l y   Ga,  B,  Fe  and  Cr.  Commercially  a v a i l a b l e  

a l u m i n o s i l i c a t e s   such  as  ZSM-5  are  p r e f e r a b l y   employed  in  t h e  

ope ra t i ve   embodiments;  however,  i t   is  to  be  unders tood  tha t   o t h e r  

s i l i c a c e o u s   c a t a l y s t s   having  s i m i l a r   pore  s izes   and  ac id i c   f u n c t i o n s  

may  also  be  u s e d .  



The  c a t a l y s t   m a t e r i a l s   e s p e c i a l l y   s u i t a b l e   for  use  in  t h e  

process   of  the  i nven t ion   are  e f f e c t i v e   in  o l i g o m e r i z i n g   lower  

o l e f i n s ,   e s p e c i a l l y   propene  and  butene-1  into  higher   h y d r o c a r b o n s .  

The  unique  c h a r a c t e r i s t i c s   of  the  acid  ZSM-5  c a t a l y t s   a r e  

p a r t i c u l a r l y   s u i t a b l e   for  use  in  the  MOGD  system.  An  e s p e c i a l l y  

p re fe r r ed   c a t a l y s t   m a t e r i a l   for  use  in  the  process   is  an  e x t r u d a t e  

(1.5mm)  compris ing  65  weight  %  HZSM-5  and  35%  alumina  b inder ,   hav ing  

an  acid  c racking  a c t i v i t y   (  a  )   of  about  160  to  200 .  

The  members  of  the  c lass   of  c r y s t a l l i n e   z e o l i t e s   tha t   may 
be  used  in  the  process   of  the  i nven t ion   are  c h a r a c t e r i z e d   by  a  p o r e  
dimension  g r ea t e r   than  about  5  Angstroms  (0.5nm);  i . e . ,   they  a r e  

capable  of  sorbing  p a r a f f i n s   having  a  s ing le   methyl  branch  as  w e l l  

as  normal  p a r a f f i n s ,   and  they  have  s i l i c a   to  alumina  mole  r a t i o s   o f  

at  l e a s t   12.  Although  such  c r y s t a l l i n e   z e o l i t e s   with  a  s i l i c a   t o  

alumina  mole  r a t i o   of  at  l e a s t   about  12  are  u se fu l ,   i t   is  p r e f e r r e d  

to  use  z e o l i t e s   having  higher   r a t i o s   of  at  l e a s t   about  30.  In  some 

z e o l i t e s ,   the  upper  l imi t   of  s i l i c a   to  alumina  mole  r a t i o   i s  

v i r t u a l l y   unbounded;  i . e . ,   values   of  30,000  and  g r e a t e r .  

The  members  of  th i s   c l a s s   of  z e o l i t e s   are  exempl i f ied   by 

ZSM-5,  ZSM-5/ZSM-11  i n t e r m e d i a t e ,   ZSM-11,  ZSM-12,  ZSM-23,  ZSM-35, 

ZSM-38,  ZSM-48  and  o ther   s i m i l a r   m a t e r i a l s .   These  z e o l i t e s   a r e  

descr ibed   in,  for  example,  U.S.  Pa tents   3 ,702 ,886;   Re.  No.  2 9 , 9 4 8 ;  

4 ,061 ,724;   4 ,229 ,424;   3 ,709,979;   3 ,832,449;   4 ,076 ,842;   4 , 0 1 6 , 2 4 5 ;  

and  4 ,046,859;   and  EP-A-13640. 

The  z e o l i t e s   used  in  a d d i t i v e   c a t a l y s t s   may  be  in  hydrogen  

form  or  they  may  be  base  exchanged  or  impregnated  to  conta in   a  r a r e  

ear th   ca t ion   complement.  Such  rare  ear th   ca t ions   comprise  Sm,  Nd, 

Pr,  Ce  and  La.  It  is  d e s i r a b l e   to  c a l c ine   the  z e o l i t e   a f t e r   b a s e  

exchange .  

The  c a t a l y s t   and  s epa ra t e   add i t i ve   composi t ion   may  be 

prepared  in  var ious   ways.  They  may  be  s e p a r a t e l y   prepared  in  t h e  

form  of  p a r t i c l e s   such  as  p e l l e t s   or  e x t r u d a t e s ,   for  example,  and 

simply  mixed  in  the  r equ i red   p r o p o r t i o n s .   The  p a r t i c l e   size  of  t h e  

i n d i v i d u a l   component  p a r t i c l e s   may  be  qu i te   small ,   for  example  from 

about  10  to  about  150 pfn,  when  in tended  for  use  in  f lu id   bed 



o p e r a t i o n ,   or  they  may  be  as  l a rge   as  1-10  mm  for  f ixed  bed  

o p e r a t i o n .   A l t e r n a t i v e l y ,   the  components  may  be  mixed  as  powders  

and  formed  into  p e l l e t s   or  e x t r u d a t e ,   each  p e l l e t   con t a in ing   b o t h  

components  in  s u b s t a n t i a l l y   the  r e q u i r e d   p r o p o r t i o n s .   It  i s  

d e s i r a b l e   to  i n c o r p o r a t e   the  z e o l i t e   component  of  the  s e p a r a t e  
a d d i t i v e   composi t ion  in  a  mat r ix .   Such  matr ix  is  usefu l   as  a  b i n d e r  

and  imparts   g r e a t e r   r e s i s t a n c e   to  the  c a t a l y s t   to  the  s e v e r e  

t empera tu re ,   p r e s su re   and  v e l o c i t y   c o n d i t i o n s   encountered   in  many 

c rack ing   p rocesses .   Matrix  m a t e r i a l s   inc lude   both  s y n t h e t i c   and 

n a t u r a l   subs t ances ;   for  example,  c l ays ,   s i l i c a   and/or   metal  o x i d e s .  

The  l a t t e r   may  be  e i t h e r   n a t u r a l l y   occur r ing   or  in  the  form  o f  

g e l a t i n o u s   p r e c i p i t a t e s ,   sols   or  gels  i nc lud ing   mixtures   of  s i l i c a  

and  metal  oxides .   F r equen t ly ,   z e o l i t e   m a t e r i a l s   have  been 

i n c o r p o r a t e d   into  n a t u r a l l y   occur r ing   c lays ;   for  example,  b e n t o n i t e  

and  k a o l i n .  

A  p a r t i c u l a r l y   advantageous  form  of  the  c a t a l y s t   is  an 
extruded  p e l l e t   having  a  d iameter   of  about  1-3mm,  made  by  mix ing  
steamed  z e o l i t e   c r y s t a l s   (for  example  s i l i c a : a l u m i n a   =  7 0 : 1  -   500 :1 )  

with  a - a l u m i n a   monohydrate  in  a  p ropo r t i on   o f  abou t   2:1  and 

c a l c i n i n g   the  r e s u l t i n g   mixture  to  obta in   an  e x t r u d a t e   having  a  v o i d  

f r a c t i o n   of  about  30-40%,  p r e f e r a b l y   about  36%. 

The  process   of  the  i nven t ion   is  desc r ibed   below  in  g r e a t e r  

d e t a i l   by  way  of  example  only  with  r e f e r e n c e   to  the  accompanying 

drawings,   in  which:  

FIGURE  1  is  a  s i m p l i f i e d   flow  diagram  showing  t h e  

r e l a t i o n s h i p   of  the  major  un i t s   of  the  p r o c e s s ;  
FIGURE  2  is  a  more  d e t a i l e d   flow  diagram  of  the  p r o c e s s ;  

and ,  

FIGURE  3  is  a  flow  diagram  of  the  p r e f r a c t i o n a t i o n   step  o f  

the  p r o c e s s .  

Refer r ing   to  the  drawings,   the  o v e r a l l   r e l a t i o n s h i p   of  t h e  

inven t ion   to  a  petroleum  r e f i n e r y   is  dep ic ted   in  FIG.  1.  V a r i o u s  

o l e f i n i c   and  p a r a f f i n i c   l i g h t   hydrocarbon  s treams  may  be  involved  i n  

the  r e a c t o r   or  f r a c t i o n a t i o n   subsystems.   An  o l e f i n i c   f e e d s t o c k ,  
such  as  C2-C4  o l e f i n s   der ived  from  c a t a l y t i c   c racker   (FCC) 



e f f l u e n t ,   may  be  employed  as  a  f eeds tock   r ich  in  e thene ,   p r o p e n e ,  
and  butenes   for  the  p rocess .   The  p r e f r a c t i o n a t o r / a b s o r b e r   u n i t  

s e p a r a t e s   the  feeds tock   into  a  r e l a t i v e l y   pure  ethene  gas  p r o d u c t  
and  C3+  l i qu id   compris ing  the  r ich  so rben t .   Following  r e a c t i o n  
at  e l eva ted   t empera ture   and  p ressure   over  a  shape  s e l e c t i v e  

c a t a l y s t ,   such  as  ZSM-5,  the  r e a c t o r   system  e f f l u e n t   i s  
f r a c t i o n a t e d .   The  f r a c t i o n a t i o n   sub-system  has  been  devised  t o  

y ie ld   th ree   main  l i qu id   product  s t r e a m s  -   LPG  (mainly  C3-C4 
a l k a n e s ) ,   ga so l ine   bo i l i ng   range  hydrocarbons  (C5  to  165°C)  and 

d i s t i l l a t e   range  heavier   hydrocarbons  (165°C+).  Op t iona l l y ,   a l l  

or  a  por t ion   of  the  o l e f i n i c   gaso l ine   range  hydrocarbons  from  t h e  

product   f r a c t i o n a t o r   un i t   may  be  recyc led   for  f u r t h e r   convers ion   t o  

heav ie r   hydrocarbons  in  the  d i s t i l l a t e   range.  This  may  be 

accomplished  by  combining  the  r ecyc le   gaso l ine   with  C 5 +  o l e f i n  

f eeds tock   in  the  p r e f r a c t i o n a t i o n   step  pr ior   to  hea t ing   the  combined 

s t r e a m s .  

Process  c o n d i t i o n s ,   c a t a l y s t s   and  equipment  s u i t a b l e   f o r  

use  in  the  MOGD  process  are  desc r ibed   in  U.S.  Pa tents   3 , 9 6 0 , 9 7 8 ,  

4 ,021,502  and  4 ,150,062.   Hydro t r ea t ing   and  r ecyc le   of  o l e f i n i c  

g a s o l i n e   are  desc r ibed   in  U.S.  Patent   4 ,211 ,640 .   Other  p e r t i n e n t  

d i s c l o s u r e s   inc lude  U.S.  Patent   4 ,227,992  and  U.S.  P a t e n t  

App l i ca t ion   488,834,  r e l a t i n g   to  c a t a l y t i c   processes   for  c o n v e r t i n g  

o l e f i n s   to  g a s o l i n e / d i s t i l l a t e .  

Refer r ing   to  FIG.  2,  o l e f i n i c   feeds tock   is  supp l ied   to  t h e  

p lant   through  a  f l u id   conduit   1  under  s teady  stream  c o n d i t i o n s .   The 

o l e f i n s   are  s epa ra ted   in  a  p r e f r a c t i o n a t o r   2  to  r e c o v e r  a n  

e t h y l e n e - r i c h   stream  2E  and  a  l i qu id   hydrocarbon  stream  2L 

con ta in ing   C3+  feeds tock   components,  as  desc r ibed   in  d e t a i l  

below.  This  C3+  feedstream  is  p r e s s u r i z e d   by  a  pump  12  and 

then  s e q u e n t i a l l y   heated  by  passing  through  i n d i r e c t   heat  exchange  
u n i t s   14  and  16  and  furnace  20  to  achieve  the  t empera tu re   f o r  

c a t a l y t i c   convers ion   in  r e a c t o r   system  30,  i nc lud ing   r e a c t o r   v e s s e l s  

31A,  31B,  31C,  e t c .  

The  r e a c t o r   system  sec t ion   shown  c o n s i s t s   of  3  downflow 

fixed  bed,  s e r i e s   r e a c t o r s   on  l ine  with  exchanger  cool ing  between 



r e a c t o r s .   The  r e a c t o r   c o n f i g u r a t i o n   al lows  for  any  r e a c t o r   to  be  i n  

any  p o s i t i o n ,   A,  B  or  C.  The  r e a c t o r   in  p o s i t i o n   A  has  the  most 

aged  c a t a l y s t   and  the  r e a c t o r   in  p o s i t i o n   C  has  f r e sh ly   r e g e n e r a t e d  

c a t a l y s t .   The  cooled  r e a c t o r   e f f l u e n t   is  f r a c t i o n a t e d   f i r s t   in  a  

debu tan ize r   40  to  provide  lower  a l i p h a t i c   l i q u i d   r e cyc l e   and  then  i n  

s p l i t t e r   unit   50  which  not  only  s e p a r a t e s   the  debu tan i ze r   bo t toms  

into  gaso l ine   and  d i s t i l l a t e   p roducts   but  also  provides   l i q u i d  

gaso l ine   r e c y c l e .  
The  gaso l ine   r ecyc le   is  necessa ry   not  only  to  produce  t h e  

proper  d i s t i l l a t e   q u a l i t y   but  also  to  l imi t   the  exothermic  r i s e   i n  

tempera ture   across   each  r e a c t o r   to  l ess   than  30°C.  Change  i n  

r ecyc le   flow  ra te   is  in tended  p r i m a r i l y   to  compensate  for  g r o s s  

changes  in  the  feed  n o n - o l e f i n   flow  r a t e .   As  a  r e s u l t   of  p r e h e a t ,  

the  l i qu id   r ecyc le   is  s u b s t a n t i a l l y   vapor ized   by  the  time  tha t   i t  

reaches   the  r e a c t o r   i n l e t .   The  fo l lowing  is  a  d e s c r i p t i o n   of  t h e  

process   flow  in  d e t a i l .  

Sorbed  C3+  o l e f i n   combined  with  o l e f i n i c   ga so l ine   i s  

pumped  up  to  system  p r e s su re   by  pump  12  and  is  combined  w i t h  

gaso l ine   r ecyc le   a f t e r   tha t   stream  has  been  pumped  up  to  sys t em 

p re s su re   by  a  pump  58.  The  combined  stream  (C3+  feed  p l u s  

gaso l ine   r ecyc le )   a f t e r   preheat   is  routed  to  i n l e t   30F  of  r e a c t o r  

31A  of  system  30.  The  combined  stream  (des igna ted   as  the  r e a c t o r  

feeds t ream)   is  f i r s t   p rehea ted   aga in s t   the  s p l i t t e r   tower  50 

e f f l u e n t   in  exchanger  14  ( r e a c t o r   f e e d / s p l i t t e r   tower  b o t t o m s  

exchanger)   and  then  aga in s t   the  e f f l u e n t   from  the  r e a c t o r   i n  

p o s i t i o n   C,  in  exchanger  16  ( r e a c t o r   f e e d / r e a c t o r   e f f l u e n t  

exchanger ) .   In  the  furnace  20,  the  r e a c t o r   feed  is  heated  to  t h e  

r equ i r ed   i n l e t   t empera ture   for  the  r e a c t o r   in  p o s i t i o n   A. 

Because  the  r e a c t i o n   is  exothermic ,   the  e f f l u e n t s   from  t h e  

r e a c t o r s   in  the  f i r s t   two  p o s i t i o n s ,   A  and  B,  are  cooled  to  t h e  

t empera ture   r equ i r ed   at  the  i n l e t   of  the  r e a c t o r s   in  the  l a s t   two 

p o s i t i o n s ,   B and  C,  by  p a r t i a l l y   r e b o i l i n g   the  debu tan i ze r   40 .  

Temperature  con t ro l   is  accomplished  by  a l lowing  part   of  the  r e a c t o r  
e f f l u e n t s   to  bypass  the  r e b o i l e r   42.  Under  t empera ture   con t ro l   o f  

the  bottom  stage  of  the  so rp t ion   f r a c t i o n a t o r   2,  energy  f o r  



r e b o i l i n g  i s   provided  by  at  l e a s t   part   of  the  e f f l u e n t   from  t h e  

r e a c t o r   31  in  p o s i t i o n   C. 

After  hea t ing   f r a c t i o n a t o r   2  r e b o i l e r ,   the  r e a c t o r   e f f l u e n t  

r e b o i l s   d e e t h a n i z e r   bottoms  61  and  is  then  routed  to  the  d e b u t a n i z e r  

40  which  is  opera ted   at  a  p ressure   which  complete ly   condenses  t h e  

debu t an i ze r   tower  overhead  40V  by  cool ing  in  condenser  44.  The 

l i qu id   from  debu t an i ze r   overhead  accumulator   46  provides   the  t ower  

r e f l ux   47,  and  feed  to  the  d e e t h a n i z e r   60,  which,  a f t e r   being  pumped 

to  d e e t h a n i z e r   p re s su re   by  pump  49  is  sent  to  the  d e e t h a n i z e r   60 .  

The  d e e t h a n i z e r   accumulator   overhead  65  is  routed  to  the  fuel  gas  

system.  The  accumulator   l i q u i d   64  provides   the  tower  r e f l u x .   The 

bottoms  stream  63  (LPG  product)   may  be  sent   to  an  u n s a t u r a t e d   ga s  
plant   or  o therwise   r e c o v e r e d .  

The  bottoms  stream  41  from  the  debu t an i ze r   40  is  s e n t  

d i r e c t l y   to  the  s p l i t t e r ,   50  which  s p l i t s   the  C5+  m a t e r i a l   i n t o  

Ce-165°C  gaso l ine   (overhead  l i qu id   product   and  r ecyc l e )   and 
165°C*  d i s t i l l a t e   (bottoms  p roduc t ) .   The  s p l i t t e r   tower  o v e r h e a d  

stream  52  is  t o t a l l y   condensed  in  the  s p l i t t e r   tower  ove rhead  

condenser  54.  The  l i qu id   from  the  overhead  accumulator   56  p r o v i d e s  

the  tower  r e f lux   50L,  t h e  g a s o l i n e   product  50P  and  the  s p e c i f i e d  

gaso l ine   r ecyc le   50R  under  flow  c o n t r o l ,   p r e s s u r i z e d   by  pump  58  f o r  

r e cyc l e .   After  being  cooled  in  the  gaso l ine   product   cooler   59,  t h e  

gaso l ine   product   i s  s e n t   to  the  gaso l ine   pool.  The  s p l i t t e r   bo t toms  

f r a c t i o n   is  pumped  to  the  r equ i red   p ressure   by  pump  58  and  t h e n  

prehea ts   the  r e a c t o r   feed  stream  in  exchanger  14.  F i n a l l y ,   t h e  

d i s t i l l a t e   product   50D  is  cooled  to  ambient  t empera ture   before   b e i n g  

h y d r o t r e a t e d   to  improve  i t s   cetane  number.  

From  an  energy  conse rva t i on   s t a n d p o i n t ,   i t   is  a d v a n t a g e o u s  

to  r e b o i l   the  debu tan i ze r   40  using  r e a c t o r   e f f l u e n t   as  opposed  t o  

using  a  f i r ed   r e b o i l e r .   A  k e t t l e   r e b o i l e r   42  con ta in ing   2  U- tube  

exchangers  43  in  which  the  r e a c t o r   31  e f f l u e n t s   are  c i r c u l a t e d   is  a 
d e s i r a b l e   f ea tu re   of  the  system.  Liquid  from  the  bottom  stage  o f  

debu tan i ze r   40  is  c i r c u l a t e d   in  the  she l l   s i d e .  

The  thermal  i n t e g r a t i o n   t echn iques   employed  in  the  sys tem 

depic ted   in  Fig.  2  provide  f l e x i b l e   process   cond i t i ons   for  s t a r t u p  



and  steady  s t a t e   o p e r a t i o n   of  MOGD  feeds tock   and  e f f l u e n t  

f r a c t i o n a t i o n   subsystems.   After  p r ehea t i ng   the  r e a c t o r   feed,  t h e  

r e a c t i o n   s ec t ion   e f f l u e n t   r e b o i l s   p r e f r a c t i o n a t i o n   l i q u i d   b o t t o m s  

and  the  d e e t h a n i z e r   before   mixing  with  the  sponge  absorber   bo t toms  

and  e n t e r i n g   the  d e b u t a n i z e r .   P r e f r a c t i o n a t e d   o l e f i n i c   feeds tock   i s  

fed  to  the  r e a c t o r   a f t e r   r e c e i v i n g   some  prehea t   from  the  d i s t i l l a t e  

product   stream  and,  depending  on  the  t h i r d   r e a c t o r   e f f l u e n t  

t empe ra tu r e ,   the  r e a c t o r   feeds tock   may  also  r ece ive   preheat   from  t h e  

r eac to r   e f f l u e n t   before   e n t e r i n g   the  fu rnace ,   where  i t   is  heated  t o  

the  t empera ture   r e q u i r e d   for  the  r e a c t o r   in  i n i t i a l   p o s i t i o n   A. 

The  e f f l u e n t s   from  the  f i r s t   two  r e a c t o r s   are  cooled  to  t h e  

i n l e t   t empera tu res   for  the  l a s t   two  r e a c t o r s   by  r e b o i l i n g   t h e  

debu t an i ze r   and  product   s p l i t t e r .   Reactor  i n l e t   t empera tu re   c o n t r o l  

is  achieved  by  r e g u l a t i n g   the  amount  of  f i r s t   r e a c t o r   e f f l u e n t   s e n t  

to  the  g a s o l i n e / d i s t i l l a t e   s p l i t t e r   r e b o i l e r   and  the  amount  o f  

i n t e r m e d i a t e   r e a c t o r   e f f l u e n t   sent   to  the  d e b u t a n i z e r   r e b o i l e r .   The 

amount  of  f i r s t   r e a c t o r   e f f l u e n t   sent  to  the  debu t an i ze r   r e b o i l e r   i s  

t empera tu re   c o n t r o l l e d   by  the  debu t an i ze r   bottom  s tage  t e m p e r a t u r e .  

If  needed,  a  po r t ion   of  the  f i r s t   r e a c t o r   e f f l u e n t   sent  to  t h e  

product   s p l i t t e r   may  be  routed  through  the  furnace  c o n v e c t i o n  

s ec t i on   for  a u x i l i a r y   h e a t i n g .  

In  order  to  provide  the  des i r ed   q u a l i t y   and  ra te   f o r  

ga so l i ne   r ecyc l e ,   i t   is  necessary   to  f r a c t i o n a t e   the  r e a c t o r  

e f f l u e n t .   Phase  s e p a r a t o r s   do  not  give  the  proper  s e p a r a t i o n   of  t h e  

r e a c t o r   e f f l u e n t   to  meet  the  q u a l i t y   s t a n d a r d s   and  r a te   for  b o t h  

l i qu id   r e c y c l e s .   For  example,  the  gaso l ine   r ecyc le   would  carry  t o o  

much  d i s t i l l a t e   and  l i g h t s .   Consequent ly ,   i t   would  be  d i f f i c u l t   t o  

proper ly   con t ro l   the  l i q u i d   r ecyc le   if   s e p a r a t o r s   were  employed.  

The  product   f r a c t i o n a t i o n   un i t s   40,  50,  and  60  may  be  a  

t r a y - t y p e   design  or  packed  column.  The  s p l i t t e r   d i s t i l l a t i o n   t ower  

50  is  p r e f e r a b l y   opera ted   at  s u b s t a n t i a l l y   a tmospher ic   p re s su re   t o  

avoid  excess ive   bottoms  t empe ra tu r e ,   which  might  be  d e l e t e r i o u s   t o  

the  d i s t i l l a t e   product .   The  f r a c t i o n a t i o n   equipment  and  o p e r a t i n g  
techniques   are  s u b s t a n t i a l l y   s i m i l a r   for  each  of  the  major  s t i l l s  

40,  50,  60,  with  conven t iona l   p la te   design,   r e f l ux   and  r e b o i l e r  



components.  The  f r a c t i o n a t i o n   sequence  and  heat  exchange  f e a t u r e s  
of  the  p resen t   system  are  o p e r a t i v e l y   connected  in  an  e f f i c i e n t   MOGD 

s y s t e m   provide  s i g n i f i c a n t   economic  a d v a n t a g e s .  
MOGD  ope ra t ing   modes  may  be  s e l e c t e d   to  provide  maximum 

d i s t i l l a t e   product   by  ga so l ine   recyc le   and  opt imal   r e a c t o r   sys tem 
c o n d i t i o n s .   Operating  examples  are  given  for  d i s t i l l a t e   mode 

o p e r a t i o n ,   u t i l i z i n g   as  the  o l e f i n i c   feeds tock   a  p r e s s u r i z e d   s t r e a m  
o l e f i n i c   feeds tock   (about  1200  kPa)  comprising  a  major  weight  and 

mole  f r a c t i o n   of  C3=/C4=.  The  a d i a b a t i c   e x o t h e r m i c  

o l i g o m e r i z a t i o n   r e a c t i o n   c o n d i t i o n s   are  r e a d i l y   opt imized  a t  

e l eva ted   t empera tu re   and/or  p ressure   to  i nc rease   d i s t i l l a t e   y ie ld   o r  
gaso l ine   y ie ld   as  d e s i r e d ,   using  HZSM-5  type  c a t a l y s t .   P a r t i c u l a r  

process   parameters   such  as  space  v e l o c i t y   and  maximum  e x o t h e r m i c  

tempera ture   r i s e   may  be  opt imized  for  the  s p e c i f i c   o l i g o m e r i z a t i o n  

c a t a l y s t   employed,  o l e f i n i c   feeds tock   and  des i red   p r o d u c t  
d i s t r i b u t i o n .  

A  t y p i c a l   d i s t i l l a t e   mode  mul t i - zone   r e a c t o r   system  employs 
i n t e r - z o n e   coo l ing ,   whereby  the  r e a c t i o n   exotherm  can  be  c a r e f u l l y  
c o n t r o l l e d   to  prevent   excess ive   t empera ture   above  the  normal  

moderate  range  of  about  190°  to  315°C. 

Advantageously,   the  maximum  t empera tu re   d i f f e r e n t i a l   ( A T )  

across   any one  r e a c t o r   is  about  30°C  and  the  space  v e l o c i t y   (LHSV 

based  on  o l e f i n   f e e d ) ' i s   about  0.5  to  1.  Heat  exchangers  p r o v i d e  
i n t e r - r e a c t o r   cool ing  and  reduce  the  e f f l u e n t   to  f r a c t i o n a t i o n  

t empera tu re .   It  is  an  important   aspect   of  energy  c o n s e r v a t i o n   i n  

the  MOGD  system  to  u t i l i z e   at  l e a s t   a  por t ion   of  the  r e a c t o r  

exotherm  heat  value  by  exchanging  hot  r e a c t o r   e f f l u e n t   from  one  o r  

more  r e a c t o r s   with  a  f r a c t i o n a t o r   stream  to  vapor ize   a  l i q u i d  

hydrocarbon  d i s t i l l a t i o n   tower  s tream,  such  as  the  d e b u t a n i z e r  

r e b o i l e r .   Optional   heat  exchangers  may  recover   heat  from  t h e  

e f f l u e n t   stream  p r io r   to  f r a c t i o n a t i o n .   Gasoline  from  the  r e c y c l e  
condui t   is  p r e s s u r i z e d   by  a  pump  and  combined  with  f e e d s t o c k ,  

p r e f e r a b l y   at  a  mole  r a t i o   of  about  1-2  moles  per  mole  of  o l e f i n   i n  

.the  f eeds tock .   It  is  p r e f e r r e d   to  opera te   in  the  d i s t i l l a t e   mode  a t  
e leva ted   p ressure   of  about  4200  to  7000  kPa .  



The  r e a c t o r   system  con ta in s   mu l t i p l e   downflow  a d i a b a t i c  

c a t a l y t i c   zones  in  each  r e a c t o r   v e s s e l .   The  l i q u i d   hourly  s p a c e  

v e l o c i t y   (based  on  t o t a l   fresh  f eeds tock)   is  about  1  LHSV.  In  t h e  

d i s t i l l a t e   mode  the  i n l e t   p ressure   to  the  f i r s t   r e a c t o r   is  a b o u t  

4200  kPa,  with  an  o l e f i n   p a r t i a l   p ressure   of  at  l e a s t   about  1200 

kPa.  Based  on  o l e f i n   convers ion   of  50%  for  e thene , .95%  for  p r o p e n e ,  
85%  for  butene-1  and  75%  for  pen tene-1 ,   and  exothermic  heat  o f  

r e a c t i o n   is  e s t ima ted   at  1050  kJ/kg  of  o l e f i n s   conver ted .   When 

r e l ea sed   uniformly  over  the  r e a c t o r   beds,  a  maximum  ΔT  in  each  

r e a c t o r   is  about  30°C.  In  the  d i s t i l a t e   mode  the  molar  r e c y c l e  

r a t i o   for  gaso l ine   is  equimolar   based  on  o l e f i n s   in  the  f e e d s t o c k ,  
and  the  C3-C4  molar  r ecyc le   is  0 . 5 : 1 .  

The  p r e f r a c t i o n a t i o n   system  is  adapted  to  s e p a r a t e   v o l a t i l e  

hydrocarbons  compris ing  a  major  amount  of  C2-C4  o l e f i n s ,   and 

t y p i c a l l y   con ta ins   10  to  50  mole  %  of  ethene  and  propene  each.  In  

the  d e t a i l e d   examples  below  the  f eeds tock   c o n s i s t s   e s s e n t i a l l y   o f  

v o l a t i l e   a l i p h a t i c   components  as  fol lows  (in  mole  %):  e t h e n e ,  

24.5%;  propene,  46%;  propane,  6.5%;  1-butene ,   15%;  and  bu tanes ,   8%, 

having  an  average  molecular   weight  of  about  42  and  more  than  85% 

o l e f i n s .  

The  gaso l ine   sorbent   is  an  a l i p h a t i c   hydrocarbon  m i x t u r e  

b o i l i n g   in  the  normal  ga so l ine   range  of  about  50  to  165°C,  w i t h  

minor  amounts  of  C4-C5  a lkanes   and  a lkenes .   P r e f e r a b l y ,   t h e  

t o t a l   gasol ine   sorbent   stream  to  f eeds tock   weight  r a t i o   is  g r e a t e r  

than  about  3:1;  however,  the  conten t   of  C3+  o l e f i n i c   components  

in  the  feeds tock   is  a  more  p r e f e r r e d   measure  of  so rba te   to  s o r b e n t  

r a t i o .   Accordingly,   the  process   may  be  opera ted   with  a  mole  r a t i o  

of  about  0.2  moles  to  about  10  moles  of  gaso l ine   per  mole  o f  

C3+  hydrocarbons  in  the  f eeds tock ,   with  optimum  o p e r a t i o n  

u t i l i z i n g   a  s o r b e n t : s o r b a t e   molar  r a t i o   about  1:1  to  1 . 5 : 1 .  

Refer r ing   to  Fig.3,   o l e f i n i c   feeds tock   is  i n t roduced   to  t h e  

system  through  a  feeds tock   i n l e t   1  connected  between  s tages   of  a 

f r a c t i o n a t i n g   so rp t ion   tower  2  in  which  gaseous  o l e f i n i c   f e e d s t o c k  

is  contac ted   with  l i q u i d   sorbent   in  a  v e r t i c a l   f r a c t i o n a t i o n   column 

ope ra t i ng   at  l e a s t   in  the  upper  por t ion   t h e r e o f   in  c o u n t e r c u r r e n t  



flow.  E f f e c t i v e l y   t h i s   uni t   is  a  C2/C3+  s p l i t t e r .   Design  o f  

so rp t ion   equipment  and  uni t   o p e r a t i o n s   are  e s t a b l i s h e d   chemica l  

eng ineer ing   t e chn iques ,   and  gene ra l l y   desc r ibed   in  Ki rk-Othmer  

"Encyclopedia   of  Chemical  Technology"  3rd  Ed.  Vol.  1  pp.  53-96 

(1978).  In  conven t iona l   r e f i n e r y   t e rminology ,   the  sorbent   s t r e a m  i s  

sometimes  known  as  lean  o i l .  

Sorpt ion  tower  2,  as  dep ic t ed ,   has  mu l t i p l e   con tac t   z o n e s ,  
with  the  heat  of  a b s o r p t i o n   being  removed  via  i n t e r s t a g e   pumps 
around  cool ing  c i r c u i t s   2A,  2B.  The  l i q u i d   gaso l ine   sorbent   i s  

in t roduced   to  the  s o r p t i o n   tower  through  an  upper  i n l e t   2C  above  t h e  

top  con tac t   s ec t i on   2D.  It  is  p r e f e r r e d   to  mix  incoming  l i q u i d  

sorbent   with  outgoing  s p l i t t e r   overhead  e t h y l e n e - r i c h   gas  from  u p p e r  

gas  o u t l e t   2E  and  to  pass  t h i s   mu l t i -phase   mixture  into  a  p h a s e  

s e p a r a t o r   2F,  o p e r a t i v e l y   connected  between  the  primary  s o r p t i o n  

tower  2  and  a  secondary  sponge  absorber   3.  Liquid  sorbent   from 

s e p a r a t o r   2F  is  then  pumped  to  the  upper  l i q u i d   i n l e t   2C  f o r  

c o u n t e r c u r r e n t   con tac t   in  a  p la te   column  or  the  l ike   with  upwardly  

flowing  e t h y l e n e - r i c h   vapors .   Liquid  from  the  bottom  of  u p p e r  
con tac t   zone  2D  is  pumped  to  a  heat  exchanger  in  loop  2A,  cooled  and 

r e tu rned   to  the  tower  above  i n t e r m e d i a t e   con tac t   zone  2G,  a g a i n  

cooled  in  loop  2B,  and  r e t u r n e d   to  the  tower  above  con tac t   zone  2H, 

which  is  l oca ted   below  the  f eeds tock   i n l e t   1.  Under  tower  d e s i g n  

c o n d i t i o n s   of  about  2100  kPa,  i t   is  p r e f e r r e d   to  mainta in   the  l i q u i d  

t empera tu re   of  s treams  e n t e r i n g   the  tower  from  2A,  2B  and  2F  a t  

about  40°C:  The  lower  con tac t   zone  2H  provides   f u r t h e r  

f r a c t i o n a t i o n   of  the  o l e f i n - r i c h   l i q u i d .   Heat  is  suppl ied   to  t h e  

so rp t ion   tower  by  removing  l i qu id   from  the  bottom  via  r e b o i l e r   loop  

2J,  hea t ing   th i s   stream  in  heat  exchanger  2K,  and  r e t u r n i n g   t h e  

r e b o i l e d   bottom  stream  to  the  tower  below  con tac t   zone  2H. 

The  l i qu id   s o r b a t e - s o r b e n t   mixture  is  withdrawn  t h r o u g h  

bottom  o u t l e t   2L  and  used  as  feeds tock   in  the  o l e f i n s  

o l i g o m e r i z a t i o n   un i t .   Ethylene  r ich   vapor  from  the  primary  s o r p t i o n  

tower  is  withdrawn  via  s e p a r a t o r   2F  through  conduit   3A. 

D i s t i l l a t e   lean  oil   is  fed  to  the  top  i n l e t   3B  of  sponge 
absorber   3  under  process  p ressure   at  ambient  or  moderately  warm 



t empera ture   (for  example  40°C)  and  d i s t r i b u t e d   at  the  top  of  a  
porous  packed  bed,  such  as  Raschig  r i n g s ,   having  s u f f i c i e n t   bed 

height   to  provide  m u l t i p l e   s t a g e s .   The  l i q u i d   ra te   is  low;  however ,  
the  sponge  absorber   permi ts   s o r p t i o n   of  about  25  weight  percent   o f  

the  d i s t i l l a t e   weight  in  C3+  components  sorbed  from  t h e  

e t h y l e n e - r i c h   s t ream.  This  stream  is  recovered   from  bottom  o u t l e t  

3C.  It  is  unders tood  tha t   the  so rba te   may  be  recovered  from  t h e  

mixture  with  the  sorbent   by  f r a c t i o n a t i o n   and  the  sorbent   may  be 

recyc led   or  o therwise   u t i l i z e d .   High  pu r i t y   e thy lene   is  r e c o v e r e d  
from  the  system  through  gas  o u t l e t   3D  and  sent  to  s t o r age ,   f u r t h e r  

p rocess ing   or  convers ion   to  other   p r o d u c t s .  
The  s o r p t i o n   towers  dep ic t ed   in  the  drawing  employ  a  p l a t e  

column  in  the  primary  tower  and  a  packed  column  in  the  s e c o n d a r y  

tower,  however,  the  f r a c t i o n a t i o n   equipment  may  employ  v a p o r - l i q u i d  

con tac t   means  of  var ious   designs  in  each  s tage   i nc lud ing   packed  beds  

of  Raschig  r ings ,   saddles   or  other   porous  s o l i d s   or  low  p r e s s u r e  
drop  valve  t rays   (Gl i t sch   g r i d s ) .   The  number  of  t h e o r e t i c a l   s t a g e s  
wil l   be  determined  by  the  feeds t ream  compos i t ion ,   l i q u i d : v a p o r   (L/V) 

r a t i o s ,   des i red   recovery  and  product   p u r i t y .   In  the  d e t a i l e d  

example  below,  17  t h e o r e t i c a l   s tages   are  employed  in  the  p r i m a r y  

s o r p t i o n   tower  and  8  s tages   in  the  sponge  abso rbe r ,   with  o l e f i n i c  

feeds tock  being  fed  between  the  7th  and  9th  s tages   o f  t h e   p r imary  

s o r p t i o n   t o w e r .  

The  fol lowing  Examples  i l l u s t r a t e   the  i n v e n t i o n .   They  a r e  
based  on  the  f eeds tock   desc r ibed   above  at  40°C  and  2100  kPa  s u p p l i e d  
to  s tage  9  of  the  primary  s o r p t i o n   tower.  Gasoline  is  suppl ied   a t  

85°C  and  2150  kPa,  and  d i s t i l l a t e   lean  o i l   is  supp l ied   at  40°C  and 

2100  kPa.  Table  I  shows  the  c o n d i t i o n s   at  each  s tage  of  the  p r imary  

s o r p t i o n   tower,  and  Table  II  shows  the  c o n d i t i o n s   for  the  sponge 
absorber   un i t s   for  Example  1  (2  moles  g a s o l i n e / m o l e   of  o l e f i n   i n  

f e e d s t o c k ) .  





Examples  1  to  9 

Based  on  the  above  design,   the  fol lowing  data  show  t h e  

e f f e c t s   of  varying  the  flow  ra te   of  ga so l i ne   absorbent   in  t h e  

primary  tower  C2/C3+  s p l i t t e r   overhead  and  the  c o r r e s p o n d i n g  

e f f e c t s   of  varying  the  d i s t i l l a t e   lean  oi l   r a t e   in  the  s e c o n d a r y  

sponge  absorber .   These  data  are  shown  in  Table  I I I ,   which  give  t h e  

e thylene   (C2=)  recovery  and  pur i ty   from  each  of  the  primary  and 

secondary  s o r p t i o n   u n i t s .  





In  genera l ,   as  the  flow  ra te   of  lean  o i l   i n c r e a s e s ,   t h e  

e thylene   recovery  d e c r e a s e s ,   while  the  pu r i ty   i n c r e a s e s .   The  d a t a  

for  the  s p l i t t e r / a b s o r b e r   combinat ion  show  tha t   the  e x c e l l e n t  

r e s u l t s   are  ob ta ined   with  a  ga so l ine   mole  r a t i o   of  at  l e a s t   1 : 1  

(based  on  C3+  hyd roca rbons ) .   Such  c o n d i t i o n s   w i l l  r e s u l t   in  a  

C2-  recovery  of  g r e a t e r   than  98%.  Pur i ty   of  more  than  99  mole 

%  can  be  achieved  with  a  gaso l ine   mole  r a t i o   of  at  l e a s t   2 : 1 .  

The  C3+  o l e f i n   so rba te   and  ga so l ine   are  fed  d i r e c t l y  
to  the  o l i g o m e r i z a t i o n   p rocess ,   with  a  por t ion   of  the  r e c o v e r e d  

gaso l ine   and  d i s t i l l a t e   being  r ecyc led   to  the  s o r p t i o n   f r a c t i o n a t i o n  

system.  Table  IV  shows  the  bo i l i ng   range  f r a c t i o n   composi t ion   f o r  

t y p i c a l   ga so l ine   and  d i s t i l l a t e   s o r b e n t s .  





The  sponge  absorber   may  be  c o n s t r u c t e d   in  a  s e p a r a t e   u n i t ,  

as  shown,  or  t h i s   o p e r a t i o n   may  be  conducted  in  an  i n t e g r a l   s h e l l  

vessel   with  the  main  f r a c t i o n a t i o n   u n i t .   In  the  a l t e r n a t i v e  

i n t e g r a l   des ign,   the  r ich   sponge  oi l   may  be  recovered  from  the  u p p e r  
con tac t   zone  as  a  s epa ra t e   s t ream,  or  the  heavy  d i s t i l l a t e   s o r b e n t  

may  be  in te rmixed   downwardly  with  ga so l ine   sorbent   and  wi thdrawn 

from  the  bottom  of  the  main  f r a c t i o n a t i o n   zone .  

The  stream  components  of  the  o l e f i n i c   f eeds tock   and  o t h e r  

main  streams  of  the  s o r p t i o n / p r e f r a c t i o n a t o r   uni t   and  r e a c t o r  

feeds t reams  are  set   fo r th   in  Table  V,  based  on  pa r t s   by  weight  p e r  

100  par ts   of  f e e d s t o c k .  





More  than  98%  of  e thy lene   is  recovered  in  the  above  example 
from  the  f eeds tock ,   and  the  gas  product  r e q u i r e s   l i t t l e   a d d i t i o n a l  

t rea tment   to  r a i s e   i t s   pur i ty   from  99.2  mol%  to  polymer  g r a d e .  

In  the  r e f i n i n g   of  petroleum  or  manufacture  of  fuels   from 

f o s s i l   m a t e r i a l s   or  var ious   sources  of  hydrocarbonaceous   sources ,   an 
o l e f i n i c   mixture  is  of ten  produced.  For  i n s t a n c e ,   in  c r a c k i n g  
heav ie r   petroleum  f r a c t i o n s ,   such  as  gas  o i l ,   to  make  gaso l ine   o r  

d i s t i l l a t e   range  p roduc t s ,   l i g h t   gases  c o n t a i n i n g   ethene,   p r o p e n e ,  
butene  and  r e l a t e d   a l i p h a t i c   hydrocarbons  are  produced.  It  is  known 

to  recover  these  va luable   by-produc ts   for  use  as  chemical  f e e d s t o c k s  

for  other   p rocesses ,   such  as  a l k y l a t i o n ,   p o l y m e r i z a t i o n ,  

o l i g o m e r i z a t i o n   and  LPG  fuel .   Ethylene  is  p a r t i c u l a r l y   va luable   a s  

a  basic  m a t e r i a l   in  the  manufacture  of  po lye thy l ene   and  o t h e r  

p l a s t i c s ,   and  i t s   commercial  value  is  s u b s t a n t i a l l y   h igher   as  a  

p recursor   for  the  chemical  i n d u s t r y   than  as  a  fuel   component .  

Accordingly,   i t   is  d e s i r a b l e   to  s e p a r a t e   e thy lene   in  high  pur i ty   f o r  

such  u s e s .  

A  t y p i c a l   byproduct  of  f l u id   c a t a l y t i c   c racking   (FCC)  u n i t s  

is  an  o l e f i n i c   stream  rich  in  C2-C4  o l e f i n s ,   usua l ly   in  m i x t u r e  

with  lower  a lkanes .   Ethylene  can  be  recovered   from  such  streams  by 

conven t iona l   f r a c t i o n a t i o n   means,  such  as  cryogenic   d i s t i l l a t i o n ,   t o  

recover   the  C2  and  C3+  f r a c t i o n s ;   however,  the  equipment  and 

process ing   cos ts   are  h i g h .  

There  are  severa l   reasons  for  not  conve r t ing   the  e t h y l e n e  

in to   d i s t i l l a t e   and  ga so l ine .   The  high  p ressure   and  low  s p a c e  

v e l o c i t y   r equ i red   for  any  s i g n i f i c a n t   convers ion   (on  the  order  of  75 

wt.  %)  would  r equ i re   a  s epa ra t e   r eac to r   t r a i n   and  at  l e a s t   one 

a d d i t i o n a l   tower.  This  would  s u b s t a n t i a l l y   i nc rease   the  c a p i t a l  

cost  of  the  u n i t .   Convert ing  the  e thylene   with  t h e  

p r o p y l e n e / b u t y l e n e   stream  would  r e s u l t   in  an  e thy lene   convers ion   o f  

about  20  wt.  %.  A d d i t i o n a l l y ,   the  value  of  polymer  grade  e t h y l e n e  

may  be  much  higher   than  the  gasol ine   and  d i s t i l l a t e   which  would  be 

produced  if   the  e thylene   were  to  be  conver t ed .   F ina l ly ,   there  would 

be  d i f f i c u l t y   in  schedul ing   the  r e g e n e r a t i o n   s ec t i on   to  r e g e n e r a t e  

both  the  e thy lene   convers ion   and  p r o p y l e n e / b u t y l e n e   c o n v e r s i o n  

r e a c t o r s .  



1.  A  process  for  conver t ing   an  o l e f i n i c   f e e d s t o c k  

comprising  e thylene   and  C3+  o l e f i n s   in to   a  heavier   l i q u i d  

hydrocarbon  product ,   compris ing  the  s teps   o f :  

(a)  p r e f r a c t i o n a t i n g   the  o l e f i n i c   feeds tock   to  obta in   a  

gaseous  stream  rich  in  e thylene   and  a  l i qu id   stream  c o n t a i n i n g  

C3+  o l e f i n s ;  
(b)  vapor i z ing   the  l i q u i d   stream  from  step  (a)  and .  

c o n t a c t i n g   the  vapor  with  an  o l i g o m e r i z a t i o n   c a t a l y s t   in  at  l e a s t  

one  exothermic  r e a c t i o n   zone  to  provide  a  heavier   h y d r o c a r b o n  

e f f l u e n t   stream  compris ing  d i s t i l l a t e ,   gaso l ine   and  l i g h t e r  

h y d r o c a r b o n s ;  

(c)  cool ing  and  f r a c t i o n a t i n g   the  e f f l u e n t   stream  from 

step  (b)  s e p a r a t e l y   to  recover   d i s t i l l a t e ,   gaso l ine   and  l i g h t e r  

hydrocarbons;   and ,  
(d)  r ecyc l ing   at  l e a s t   a  por t ion   of  the  g a s o l i n e . r e c o v e r e d  

in  step  (c)  as  a  l i qu id   sorbent   stream  to  p r e f r a c t i o n a t i n g   step  ( a ) .  

2.  A  process  according  to  claim  1,  inc lud ing   t h e  

a d d i t i o n a l   s tep  o f :  

(e)  passing  the  hot  e f f l u e n t   from  the  exothermic  r e a c t i o n  

zone  in  step  (b)  in  i n d i r e c t   heat  exchange  in  a  r e b o i l e r   loop  w i t h  

at  l e a s t   a  po r t ion   of  the  l i qu id   stream  con ta in ing   C3+  o l e f i n s  

in  p r e f r a c t i o n a t i n g   step  ( a ) .  

3.  A  process  according  to  claim  2,  wherein  the  C3+ 
o l e f i n s   are  reac ted   in  step  (b)  in  a  s e r i e s   of  f ixed  bed  a d i a b a t i c  

r e a c t o r s   at  e leva ted   p ressure   and  at  a  t empera ture   of  190  to  315°C 
with  a  maximum  t empera tu re   r i se   of  about  30°C  in  each  r e a c t o r ;   t h e  
e f f l u e n t   from  each  r e a c t o r   is  cooled  p r io r   to  en t e r ing   the  n e x t  

r e a c t o r ;   and  the  e f f l u e n t   from  at  l eas t   one  r eac to r   is  h e a t  

exchanged  with  the  l i qu id   p r e f r a c t i o n a t i o n   stream  to  vaporize   s o r b e d  

hydrocarbons  in  step  ( e ) .  



4.  A  process  according  to  any one  of  claims  1  to  3 ,  

wherein  the  hot  r e a c t o r   e f f l u e n t   from  step  (b)  con ta ins   l i g h t   g a s ,  
o l e f i n i c   C5+ gasol ine   and  d i s t i l l a t e   b o i l i n g - r a n g e   h y d r o c a r b o n  

components  and  is  f r a c t i o n a t e d   to  s e p a r a t e   those  components  in  s t e p  

( c ) .  

5.  A  process  according  to  any one  of  claims  2  to  4 ,  

wherein  fo l lowing  heat  exchange  with  the  l i q u i d   p r e f r a c t i o n a t i o n  

stream,  the  hot  e f f l u e n t   from  step  (b)  is  used  to  r e b o i l   a  l i g h t   gas  

d e e t h a n i z e r .  

6.  A  process   according  to  any one  of  claims  1  to  5 ,  
wherein  the  o l i g o m e r i z a t i o n   c a t a l y s t   comprises  acid  ZSM-5  t y p e  

z e o l i t e .  
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